As studies increasingly use transcranial direct-current stimulation (tDCS) to manipulate brain activity, surprising results are emerging. Specifically, research combining tDCS with electrophysiology is showing that the longlasting effects of tDCS can counter-intuitively influence specific neural mechanisms active for as little as 100 ms during the flow of human information processing.
As studies increasingly use transcranial direct-current stimulation (tDCS) to manipulate brain activity, surprising results are emerging. Specifically, research combining tDCS with electrophysiology is showing that the longlasting effects of tDCS can counter-intuitively influence specific neural mechanisms active for as little as 100 ms during the flow of human information processing.
Recent research using a novel combination of neuroscience techniques has been yielding unexpected results. The combination is of tDCS and human electrophysiology, specifically recordings of event-related potentials (ERPs). We discuss some of this recent evidence showing that conventional tDCS, despite its relatively poor spatial resolution compared to intracranial microstimulation, can modulate specific information-processing mechanisms with high temporal resolution.
Why is it surprising that tDCS should provide temporally precise effects on specific functions performed by the human brain? Conventional tDCS would seem to be neither temporally nor spatially precise. Unlike transcranial magnetic stimulation (TMS) pulses that are discrete punctate events that causally manipulate neural activity, tDCS relies on a build up of ionic gradients that take many minutes to realize [1] , and then appear to exert effects that can last for many hours [2] . That is, the temporal specificity of the application of tDCS is slow, but results in something akin to a tonic change of state in the brain. Spatially, tDCS can also be properly criticized for its diffuse spatial resolution. The number, location, and size of anatomical targets for any given tDCS protocol are largely determined by user-defined properties. The electrode sizes, electrode locations, and stimulation intensity all converge to determine which parts of the brain are influenced. For example, conventional tDCS electrodes are typically connected to a pair of large conductive sponge pads (e.g., 19 cm 2 and 52 cm 2 ), and computational models of current flow show that such configurations result in the diffuse spread of current through large swathes of cortex [3, 4] (Figure 1A ). More-advanced stimulation technologies, such as high-definition tDCS, can help to resolve the practical issue of spatial targeting by delivering morefocused current flow [3] . However, these technologies do not resolve the inherent conceptual limitations of using anatomical specificity to study neural processes and representations that may be distributed across large-scale neural networks.
Offsetting the sluggish and diffuse nature of this causal manipulation of neural activity, tDCS is extremely safe, cost-effective, portable, and easy to use, resulting in an increase in popularity [5] . For the cognitive neuroscientist, tDCS also affords the unique opportunity to induce bidirectional changes in the human brain. That is, neural activity in the vicinity of the anodal electrodes is increased, whereas neural activity in the vicinity of the cathodal electrodes is decreased.
Given the apparent lack of temporal and spatial specificity of tDCS, it is surprising that tDCS appears to be able to selectively modulate specific information-processing mechanisms. In other words, the tonic change in the brain that follows the prolonged application of tDCS can have consequences that are highly specific, changing the operation of a single information-processing mechanism, that can operate across a brief 100 ms interval. To date, the effective targeting of specific information-processing mechanisms using tDCS has been demonstrated across a wide variety of domains including numerical processing [6], visual attention [4], action monitoring [2], perceptual learning [7] , and motor skill acquisition [8] . However, the second surprise from the tDCS literature is even more striking. That is, a growing number of studies combining tDCS with electrophysiological measurements of brain activity demonstrate that the tonic effects of tDCS can selectively modulate processing during the temporal flow of information processing with high temporal precision.
Recent studies combining tDCS with measurements of electrical brain activity have provided a unique window into the temporal resolution of tDCS manipulations on cognitive functions. For example, tDCS over medial-frontal cortex has had selective effects on the electrophysiological responses of the brain to errors (error-related negativity, ERN) and feedback (feedback-related negativity, FRN) during a demanding target discrimination task. However, this stimulation did not change a host of other ERPs that index mechanisms of perception (P1, N1, N2) and response selection (lateralized-readiness potential or LRP) [2] ( Figure 1B,C) . Related work stimulating medial-frontal cortex has shown that during a memory-guided attention task, tDCS modulated two ERP components related to memory storage and covert attention, during two separate 100 ms time-windows [4]. However, no other ERP components measured during the 5 s trials showed any influence
